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PSYCHROMETER STUDIES. 


DR. NILS EKHOLM. 


EING much occupied, I have not till now seen the note ot 
Prof. Hazen on this subject in the February number of 
this JouRNAL (page 371). 

It is very astonishing to find that Prof. Hazen simply denies 
all experimental facts that do not agree with his views, and all 
logical consequences drawn from those facts. 

Prof. W. Ramsay* and Dr. S. Young, Dr. W. Fischer and Dr. 
J. Juhlin have all done experiments that prove the difference 
of the tension of water vapor and ice vapor at the same tem- 
perature. They have carefully described their apparatuses and 
methods and given exact numerical measurements. And their 
results agree with each other and with those of the mechanical 
theory of heat. 

But according to Prof. Hazen some experiments made in 
Minnesota “disprove most effectually all these fine-spun 
theories.” No description, no result, mere assertions! 

The experiments of Ramsay and Young were the following: 
Two thermometers, of which the bulbs were covered with a 
moistened cotton film, the water being fluid on the one and 
frozen to ice on the other, were exposed to the same vapor 
pressure in evacuated tubes of the same temperatures from 0° 
to —5° C. Thus the apparatus formed a real psychrometer, 


* Known as the collaborator of Lord Rayleigh in his inquiries on argon. 


¢ Phil. Transact. 175 (1884), p. 461. Influence of change of condition from the 
liquid to the solid state on vapor pressure. 
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differing from the ordinary one only in that respect, that the 
atmosphere around the bulbs consisted only of pure water 
vapor without air. The result was as follows: — 

















Temperature C. Corrections for Instrumental Errors:| ae 
Vapor Tensions in mm. ltes Bulb — Water Bulb. 
Ice Bulb. Water Bulb. | s 
° ° | 
| 
—_ 0.00 +0.07 | —o0.0 
4:30 —1.00 —1.08 +0.08 
4-17 —I.9I —2.23 | +0.32 
3-77 —2.97 —3-39 +0.42 
3-20 —4.18 —4.71 +0.53 














These results fully agree with those afterwards obtained by 
myself in a saturated air, and cited in my former paper (Decem- 
ber, 1895, number of this JouRNAL), only that the difference be- 
tween ice bulb and water bulb temperature was much greater 
in the pure water vapor atmosphere than in the atmosphere 
of saturated air. 

Moreover, the vapor tensions measured by Ramsay and 
Young give, within the probable errors of observation, the 
tensions of saturated ice vapor at the temperatures of the ice 
bulb and the tensions of saturated water vapor at the tempera- 
tures of the water bulb, as measured by Fischer and Juhlin (the 
little difference of temperature at 0° in the above observations 
is probably due to an error of observation). This is fully 
proved by the following table, extracted from the table given by 
Juhlin (cited in my former note) : — 














Temperature C. Tension of Ice Vapor. Temperature C. Tens. of Water Vapor. 
° mm, ° mm, 
—1I.00 4-25 —1.08 4.27 
—1.91 3-95 —2.23 3-93 
—2.97 3-63 —3-39 | 3-61 
—4.18 3-28 —4.71 | 3-27 















Juhlin has also, by means of a differential manometer, 
measured directly the difference of tension between water vapor 
and ice vapor of the same temperature. Those numerous and 
exact measurements, to which I was an eye-witness, disprove in 
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an indisputable manner the statement of Prof. Hazen “that 
near the freezing point the vapor pressure of water is absolutely 
the same as that of ice.” I give here the results of Juhlin’s 
difference measurements. (l.c., page 63.) 


DIFFERENCE OF TENSION OF WATER VAPOR AND ICE VAPOR. 








|Differ. of Tension.| | Differ. of Tension*|,, 
No. of Ob- No. of Ob- 











emperature C. ; Temperature C. 
—_ ° ny Ice| servations. - | "a ca, Ice servations. 
| 
—12.57 0.214 2 —5.66 0.162 4 
—12.35 | 0.213 3 5.25 | 0.157 4 
—I1.93 0.210 | 3 —4.97 0.150 3 
—I11.56 0.209 2 — 4.67 0.145 5 
—I1.21 0.212 I —4.35 0.139 3 
—11.03 0.208 2 —4.08 0.133 I 
—10.76 0.206 3 —3.80 0.127 4 
—10.47 0.206 | 3 -—3-62 O.11I I 
—10.24 0.208 3 —3.39 0.112 2 
—9.97 0.198 | 3 —3-02 0.101 3 
—9.52 0.200 2 —2.65 0.093 2 
—9.29 | 0.195 3 —2.45 0.088 2 
—9.09 0.187 | 4 —2.00 0.082 3 
—3.82 0.193 3 —I.gI 0.073 2 
—8.48 0.190 4 —I.51 0.063 3 
—5.26 0.187 5 —I.41 0.055 2 
—7.92 0.180 4 —1.26 0.052 2 
—7.67 0.184 2 —0.96 0.044 3 
7:35 | 0175 3 || —077 | 0042 3 
—7.16 | 0.179 4 |i —0.57 | 0.027 3 
—6.92 || 0.169 2 —0.40 | 0.023 3 
—6.49 0.175 4 | —0.20 0.011 3 
—6.2 0.168 3 —O.1I 0.009 4 
—6.05 0.166 5 | —0.06 0.003 2 











A graphical construction will show that the difference at the 
freezing point is exactly =0.000 mm., but already at the 
temperature of —o.06° C., the difference was measurable by 
this exact method. 

Now Prof. Hazen, ignoring or denying all these experimental 
facts, also, of course, denies or finds inexplicable the fact that 
ice sometimes, instead of evaporating and thereby diminishing 
its weight, is condensing vapor and thus increasing its weight. 
This phenomenon, as I have stated, only takes place when the 
vapor tension in the surrounding air is greater than that of the 
ice vapor at the same temperature. In my former note I have 
cited the observations on evaporation of ice made by means of 
the Wild evaporimeter during the winter 1882-83 at Cap 
Thordsen, Spitzberg. Those observations proved that more 
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than once the weight of the ice in the evaporimeter was increas- 
ing instead of diminishing during several hours or even days. 

The observations made by the United States Expedition to 
Lady Franklin Bay, Grinnell Land, which are probably not 
unknown to Prof. Hazen, give quite the same result. In the 
Report published by Brig.-Gen. Greely, Volume II., page 366, 
Table CLVIII., we find the results of the observations on the 
evaporation from a seven-inch cube of ice, slightly saline, which 
had five sides (two hundred and forty-five square inches) freely 
exposed. I give the following extract from this table. The 
weight, in pounds and ounces, was determined at noon. 
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Pounds.| Ounces. Pounds.| Ounces. Pounds. 
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Hence, from the beginning of October, 1881, to the end of 
February, 1882, the average evaporation of the ice cube was 
zero, the weight being the same the 5 Oct. as the 25 Feb., viz., 
10 lbs. 13 ozs. On further examination of the table, we find 
that during some days there was a slight evaporation but dur- 
ing other days a slight condensation, which, on the whole, 
balanced each other. Thus, from Oct. 7, noon, to Oct. 8, noon, 
there was an evaporation of 2 ozs.; from Oct. 15 to 18 a con- 
densation of 1.5 ozs.; from Oct. 30 to 31 and from Jan. 4 to I5, 


* New cube exposed. 
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of 1 oz. The temperature was very low, generally below zero 
Fahr. 

Against all such facts Prof. Hazen only puts the following 
‘assertion: “If Dr. Ekholm will pour some water on a stone 
step, or on any solid where it cannot be absorbed, when the 
temperature is 10° or 15° below freezing, he will very quickly 
find that the ice will entirely disappear.” Probably Prof. Hazen 
here means that the ice will evaporate ; this, of course, will be 
the case when the air is not saturated with ice vapor, as may 
be ordinarily the case in the dry climate of North America. 
Yet I think the method of observing the evaporation of the ice 
on a stone step will be a very bad one. 

I had given in my former note some observations of mine 
showing that in an air saturated with water vapor the ice- 
covered bulb reads higher than the water-covered one, which, 
under those conditions, reads exactly as the dry bulb. This is 
readily explained by the above-cited experimental facts, for, the 
tension of water vapor being greater than that of ice vapor, 
some vapor must condense on the ice bulb and raise its tempera- 
ture a little by means of the latent heat disengaged at the con- 
densation. 

Prof. Hazen, who seems not to have understood this simple 
conclusion, has fancied a proposition that he ascribes to me, 
viz., “ that in a saturated air, the ice-covered bulb reads higher, 
because the latent heat of evaporation is higher for ice than for 
water.” 

I thought that all physicists and meteorologists agreed in 
admitting that the cooling of the wet bulb is caused by the loss 
of the heat, which is absorbed by the evaporating water and 
ice, and which is termed the latent heat of evaporation. Prof. 
Hazen forms an exception, for he means “that the theoretical 
difference between the latent heat of ice, as compared with that 
of water, does not enter the problemat all.” It is impossible to 
discuss such a problem with a person who thus denies the most 
simple facts of experimental physics. Does Prof. Hazen mean 
that the latent heats of evaporation for ice and fluid water are 
equal, or does he think that the cooling of the wet bulb is 
caused by anything other than the loss of the latent heat of 
evaporation ? 

The manner in which Prof. Hazen uses the compression of 
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ice on the wet bulb as an explanation of the higher reading of 
the wet bulb is very curious. In a former paper * he has found 
experimentally that no compression takes place at a tempera- 
ture above 24° Fahr. In his last paper he thinks that com- 
pression may take place also at about 30° Fahr. And yet in 
the same paper he maintains his statement that ice and water 
on different bulbs may exist and give absolutely the same 
psychrometrical result. In this case t he admits that there was 
no compression of the ice bulb at a temperature of about 27° 
Fahr. in his own experiments, whilst there ought to be such a 
compression in my experiments made at a temperature of about 
30° Fahr. Probably Prof. Hazen will explain in this manner 
also the above-cited results obtained by Ramsay and Young. 

It is clear that by ascribing to the wet bulb such an instru- 
mental error of any desired size from 0° to 1° Fahr., according 
to the circumstances, all may be explained, as to the peculiari- 
ties of the wet bulb below the freezing point. And if even this 
explanation does not suffice, as in my experiments with the thin 
metallic shell protecting the wet bulb, he ascribes the result to 
some most serious blunder of the observer. 

I cannot but wish that the meteorological problems for physi- 
cal laboratories enumerated by Prof. Cleveland Abbe in this 
JourNAL, Vol. XII., page 9 (May number), may be taken up by 
American physicists and meteorologists as soon as possible, 
thus giving them the solid ground of exact experimental work 
instead of such an unphilosophical denying of facts found by 
others, that seems to be the leading principle of the reasoning 
of Prof. Hazen. 


STOCKHOLM, SWEDEN. 


METEOROLOGY AS A UNIVERSITY COURSE. 
ROBERT DE C. WARD. 


Instructor in Meteorology in Harvard University. 


HE time has come when meteorology should be given the 
place to which it is entitled in the curriculum of every 
American University. The foundations of the so-called modern 


* Thermometer Exposure. Professional papers of the Signal Service. No. XVIII. 


See this JouRNAL, Vol. I., 1884, p. 64. 
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meteorology were for the most part laid by Americans, and as 
Americans we should take pride in teaching our young men 
and women at least the general principles upon which the 
science rests. 

It is a subject of great popular interest and importance. We 
turn to the weather forecast for the day before we read the 
telegraphic reports in our morning paper, and we make and 
unmake our plans according to the changes from hot to cold or 
wet to dry. As there is no subject of more general interest, 
so also there is no subject that lends itself so readily to teaching 
as this. The processes with which it deals are unceasingly at 
work in the great laboratory of the earth’s atmosphere, and, 
since we cannot escape from this atmosphere, we must con- 
tinually live in the midst of these processes and can watch 
Nature at her work. The geologist must travel in search of new 
rocks, and carries with him a hammer, a compass, a microscope, 
or he works in his room over the specimens he has collected 
in the field. The chemist and the physicist are closely tied to 
their laboratory, where they carry on their researches with the 
aid of the necessary vessels, preparations, and machinery. The 
student of meteorology, however, though of course dependent 
on his instruments to a great extent, can nevertheless do with- 
out these things to a considerable degree. Wherever he may 
be, on land or sea, without book or instrument or mechanical 
appliance of any kind, he can still watch the processes at work 
in the atmosphere, and may learn from them. He will finda 
never-failing source of enjoyment and instruction in watching 
the growth of clouds, the changes in their form and movement, 
and their relation to one another; he may learn to forecast, 
with a considerable degree of accuracy, the coming of a storm, by 
watching the halos and coronz around sun or moon, the approach 
of clouds, and the changes in the direction of the wind; he may 
note the mechanism of a thunderstorm as it moves toward or 
over him, with its interesting system of outflowing, inflowing, 
and ascending currents; he may study these and many other 
phenomena without moving from place to place and without 
other aid than that of his own eyes. To one who is thoroughly 
in sympathy with this science there are wonders of never-failing 
interest in the common weather changes which we experience 
from day to day. While to most persons our weather is merely 
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a succession of fair and foul days, the man who knows some- 
thing of meteorology sees in these changes constant opportuni- 
ties for study and ever-varying examples of the working of the 
same great laws. To him life has a new interest; the weather 
ceases to be a tiresome though convenient subject of conversa- 
tion ; it becomes an ever-widening field for research. 

Our country has given to the world many of its greatest 
meteorologists, and has, through their labors, made the modern 
development of meteorology possible. It was Benjamin Franklin 
who, in 1747, first announced the important discovery that our 
weather changes move from west to east, a principle on which 
certainly three-fourths of the whole science of weather predic- 
tion rests to-day. It was William Ferrel, well called the Newton 
of meteorology, who did more than any one man has ever done, 
or probably ever will do, to develop the science and place it on 
the level on which it belongs. Franklin, Redfield, Espy, 
Maury, Coffin, Henry, Ferrel, Loomis,—surely we have a 
right to be proud that we can claim these men as Americans. 
Yet, strange to say, we have sadly neglected to keep up the 
educational work to which these men gave so much of their 
time and energy. Meteorology is to-day taught in comparatively 
few colleges in our country; and in those cases where it is 
taught it is usually left as a subject of minor importance to 
professors of geology, physics, or chemistry, and is dismissed 
after a few lectures on climatic matters. There is, however, 
surely no scientific subject more deserving of a place in a 
liberal education ; there is no subject a knowledge of which will 
add more to making our daily life interesting. The man who 
knows something of meteorology can read with a new under- 
standing and a new interest the accounts of travellers in all 
parts of the world. He sees in Dr. Nansen’s project to sail 
through the northern polar seas the undertaking of a voyage 
which, if successful, will bring back data of inestimable value 
as to the pressure and the winds around the north pole, the 
centre of that great atmospheric whirl which was first clearly 
explained by our own Ferrel. He reads of typhoons in the seas 
of China and of cyclones in the Bay of Bengal, and compares 
them with our West Indian hurricanes, of which the typhoon 
and the cyclone are twin brothers. He welcomes accounts of 
atmospheric phenomena from all parts of the world with an 
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enthusiasm which to the uninitiated is nothing less than a 
mystery. 

It is our duty as Americans so see to it that we are not be- 
hind other countries in the matter of meteorological education. 
To-day, Germany leads the world in the teaching and in the 
research of meteorology. Many of her most eminent physicists 
are giving themselves up to the investigation of problems in 
dynamic and mathematical meteorology, and the work done by 
such men as Helmholtz, von Bezold, Oberbeck, Sprung, Hertz, 
and others is simply monumental. Meteorology has advanced 
so far that it naturally divides itself into special sub-divisions, 
the chief of which are the mathematical and the physical, which 
may usually be classed together. The work of most of the 
advanced investigators at the present day is along these lines, 
which were so ably drawn and followed by Ferrel, and it is in 
these directions that the further progress of meteorology must 
chiefly be made. Mechanicians, mathematicians, and physicists 
are needed, as well as simple observers and statisticians. Yet 
very few men, comparatively, are fitted to do work of such an 
advanced character, and certainly but few can follow the results 
when gained. It is elementary, or better, genera/ meteorology 
which should be taught in our universities to-day. The time 
has not come when our average college student has the know- 
ledge of mathematics, mechanics, and physics necessary before 
such advanced work can be done, and, apart from not having 
the requisite ability, he has not the time to acquire this know- 
ledge before he is taught something of the science in general. 
The time has come, however, when an educated American 
university man should have a general idea of the subject as a 
whole, so that he may read and talk and think intelligently 
about it. It is, therefore, for instruction in general meteorology 
that the writer pleads. He is aware that he may be criti- 
cized by those who believe that meteorological instruction should 
be put only on the highest plane of mathematical and physical 
research, but he feels very strongly that the great need of 
meteorology in this country to-day is increased instruction in 
the general aspects of the science. He does not wish, fora 
single moment, to be considered as opposing research along 
mathematical and physical lines. He is fully in sympathy with 
the plans so long and so ably advocated by Prof. Cleveland 
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Abbe, the mainstay of meteorology in this country, for in- 
creased opportunities for instruction and research in the modern 
dynamic meteorology. Meteorology would not be a science; 
it would be little more than a collection of general facts and 
weather proverbs, without the work of such men as Ferrel, 
Sprung, Helmholtz, Mohn, Oberbeck, Hertz, von Bezold, 
Hann, Képpen, and many others. He does believe, how- 
ever, after an experience of some years in teaching meteo- 
rology, and after a careful survey of the field, that more instruc- 
tion in general meteorology is very greatly needed to-day. 
There is abundant opportunity for special research along many 
lines which are more or less closely connected with meteorology, 
and which may well be followed, by those who are qualified for 
the work, in the physical laboratories of our larger universities, 
but the average college man does not need to study, — in fact 
he cannot grasp,—these problems. How many men in an 
average college class can follow Ferrel through much of his 
mathematical work, or can appreciate what has been done by 
the modern meteorologists of Germany along similar lines? 
We cannot expect such knowledge in our average college man, 
but should we on that account refuse to provide any instruc- 
tion in this most attractive science? Our college students 
should certainly be taught the groundwork of the subject, in 
order that they may become more intelligent citizens, and that 
those who have the ability and the ambition may afterwards 
build up the higher structures of special research on these 
foundations. : 

It may be asked what such a course in general meteorology 
should include. In brief, it may be outlined as follows: A few 
introductory statements as to the various simpler meteorological 
instruments, illustrated by the instruments themselves shown 
in the class-room, and as to the weather map and its prepara- 
tion, should precede a more careful study of the correlation of 
the chief weather elements, a subject which may well be first 
left to the class for its own investigation, and then taken up 
more fully by the teacher. An account of the evolution, com- 
position, and offices of the atmosphere, its relation to geologic 
processes and to organic life, will be found a large branch of 
the subject, and one of special interest. The importance of the 
wind and its relation to barometric pressure brings us naturally 
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to a search for the causes of atmospheric motion, and finding in 
the sun the great source of heat and of the motions of the 
atmosphere, we may next take up the relations of the sun and 
the earth, the hypothesis of radiant energy, the variations of the 
seasons, and the distribution of insolation over the earth’s 
surface and throughout the year. Under this topic reflection, 
transmission, and absorption of radiant energy should be con- 
sidered, together with radiation, conduction, convection, and 
adiabatic changes of temperature. 

A study of the distribution of temperature over the earth’s 
surface, as shown by the isothermal charts for the year, January 
and July, the charts of isanomalous temperatures and the charts 
of equal annual variations of temperature, brings us next to a 
consideration of the effects of these differences of temperature 
in producing the great system of atmospheric circulation and 
the changes in pressure and winds from season to season. In 
this connection, charts showing the distribution of pressure for 
the year, January and July, furnish fine illustrations. The de- 
flective effect of the earth’s rotation in changing the expected 
directions of the winds and in producing low instead of high 
pressure at the poles, as we should have expected from the low 
temperatures in the latter regions, will need considerable expla- 
nation, as will the general system of atmospheric circulation, 
whose full discussion was Ferrel’s greatest work. 

We come next, in natural sequence, to a classification of the 
winds of the globe, and consider the general winds, as weli as 
the smaller classes of land and sea breezes, mountain and valley 
winds, etc. After speaking of the moisture of the atmosphere 
and its measurement, we take up the processes and products of 
the condensation of vapor, including rain, snow, hail, sleet, dew, 
frost, fog, and mist. Clouds and their classification are a most 
attractive subject for study, and may be well illustrated by the 
numerous cloud photographs which have been taken during 
recent years. 

The subject of storms will be found at once the most im- 
portant and the most interesting division of such a course in 
meteorology. A description of a typical tropical cyclone, com- 
piled from accounts of seamen who have been through one of 
these violent storms, will hold the closest attention of a class, 
and the reading of extracts from the log books of vessels which 
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have survived the passage through the calm central area, or 
“eye,” of a cyclone will certainly excite a new interest in the 
subject among the students. The characteristics of the more 
moderate and, to a certain extent, less attractive cyclones of 
our own latitudes should be treated in connection with tropical 
cyclones, and some account should be given of the new theory 
as to the origin of these storms, advanced a few years ago by 
Dr. Hann, of Vienna, who regards them as eddies driven by the 
general circulation of the atmosphere, and not as due to spon- 
taneous convectional overturning, as was held by the Espy- 
Ferrel theory. The effect of the passage of cyclones and anti- 
cyclones on our weather should be especially dwelt upon, and 
the different cyclonic winds, such as the sirocco, cold wave, 
fohn, etc., should be noted and described. Thunderstorms, 
tornadoes, and waterspouts furnish interesting subjects for study, 
and the distribution of rainfall over the globe, the causes of that 
distribution, and the effect of topography and of forests on rain- 
fall should follow. In view of the erroneous ideas on the sub- 
ject, and of the general interest lately taken in the matter, 
“artificial” rain might well receive some attention. 

A course such as that here outlined might well include further 
some account of the weather services of the different countries, 
and of the general principles upon which weather prediction is 
based. It could also be indefinitely extended to include a con- 
sideration of the climates of the different zones and countries 
of the world, the relation of climate to habitation, civilization, 
and health, and the question of secular changes in climate.* 

The materials that are available for illustration in such a 
course of study are many and varied. The continuous records 
of temperature and pressure traced by the thermograph and 
barograph, especially when studied in connection with the 


* The foregoing is a brief outline of the course in elementary meteorology given by 
Prof. W. M. Davis for some years past in Harvard University. A very similar course 
has recently been recommended for high schools by the Committee of Ten on Secon- 
dary School Studies, and it is to be hoped that in a few years systematic instruction 
in meteorology may be so general in our schools that all students on entering college 
may be well grounded in the fundamental principles ofthe science. At present, how- 
ever, and for some years to come, college students will still need such instruction in 
general meteorology as that outlined above. In time, as the school instruction in 
his subject becomes more common, the college course in meteorology may be gradu- 
ally raised to a higher plane. 
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current weather changes and maps, will be found of great 
assistance in explaining the constant succession of fair and foul 
days of which our weather is made up. The daily weather maps 
of the different countries, the pilot and admiralty charts and 
international bulletins; the temperature and pressure charts 
prepared by Dr. Buchan from the data obtained by the “ Chal- 
lenger” expedition, as well as the older charts by Dr. Hann; 
Loomis’s rainfall map of the world, and the special rainfall maps 
which are now prepared for many smaller districts; the charts 
of winds, such as those prepared by the Deutsche Seewarte for 
the Atlantic Ocean and by the Seewarte and the Dutch 
Meteorological Institute for the Indian Ocean, besides a great 
number of other maps and diagrams, furnish a store of material 
which it is difficult to equal. In addition to these materials the 
use of the stereopticon opens the door to another field of illustra- 
tions. There is no more useful or attractive method of illustra- 
tion than this. The numerous and beautiful photographs of 
clouds which have been taken during the last few years, such 
as those by Riggenbach, of Basle, and others ;* the views of 
lightning, which has recently become so common a subject for 
amateur photography, and of hail, tornado effects, snow-storms, 
storm-waves, etc., are readily transferred to lantern slides, and 
when thus prepared are admirable illustrations for use in the 
class-room. The teacher of meteorology need not lack materials 
for illustration. Few subjects can be better illustrated than 
this. 

A course of instruction in general meteorology, such as that 
very briefly outlined above, extending over a year or even half 
a year, will give the student a good general view of the subject 
and send him out into the world with a knowledge of which he 
will every day realize the value. He may wish to continue his 
work along the mathematical and physical lines of modern 
dynamic meteorology, and our larger universities should cer- 
tainly provide instruction in these branches. If he has no taste 
for this kind of research there is abundance of work still to be 
done along more humble and yet not less important lines. Our 
State Weather Services are fast collecting data which need care- 


*See paper on ‘‘ List of Cloud Photographs and Lantern Slides,” by 
the author, in this JournaL, Vol. XI., 1893-94, pp. 111-116. 
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ful and inteiligent working over, and from whch there are 
boundless stores of information yet to be gathered as to the 
climates of the different States, the effects of their topography 
upon their rainfall, their winds, and the courses of their local 
storms, the distribution of rainfall by seasons and by months, 
and its bearing upon the times of planting and harvesting; 
these and many other subjects of a similar kind are awaiting 
careful study in every State in the country. All the wide field 
of forest meteorology, with its fascinating problems of the effect 
of forests on climate and rainfall, presents opportunities for 
research which, if patiently followed out, would surely produce 
valuable results for meteorology as well as for agriculture. 
Agricultural science, with its many problems in connection with 
the relations of climate and plants, the changes in the depth of 
the ground-water level and its variation with the weather and 
with the season, adds another long list of subjects, the investi- 
gation of which needs but a general knowledge of meteorology, 
supplemented by some further study of botany or soil physics, 
as the case may be. 

This list of studies might be extended almost indefinitely, but 
enough has been said to show that there is abundant, attractive, 
and useful work to be done by the student who has not ad- 
vanced far into mathematical or physical meteorology. The 
aim of the present paper has been to show the need of more 
instruction in meteorology in this country, and to emphasize the 
fact that we need instruction in gewera/ rather than in the 
higher mathematical and physical meteorology. The time has 
not yet come when the more advanced branches of the science 
can be commonly taught, even in our universities. 


HARVARD UNIVERSITY, CAMBRIDGE, MAss. 
Nov. 1, 1895. 
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CURRENT NOTES. 


Meteorology at the British Association.— The London 7imes of Sept. 
16, published the following account of the meteorological papers read 
at this year’s meeting of the British Association : — 

In the Meteorological Section Mr. Eric S. Bruce read a paper, the object 
of which was to suggest the possibility of projective lightning flashes, 
whose existence would increase the difficulties of classification. Ordinary 
sheet lightning is the reflection of a lightning flash by a cloud, images from 
different points being superposed. If, however, a cloud intervenes between 
the flash and the reflecting cloud, containing one or more openings, the 
light from the flash will be faintly reflected from a few points only of the 
reflecting cloud, and we shall have as many inverted images of the flash as 
there are openings. If the reflecting cloud is of irregular shape the images 
will be distorted, and a straight flash may appear to possess angles. This 
was illustrated by lantern slides and experiments, a drawing of an actual 
thunder-cloud with four apertures being exhibited. He doubted whether 
such reflected flashes would be intense enough to affect a photographic 
plate. 

Mr. G. J. Symons thought there should be a patch of brighter light at 
the angle of a reflected flash, if formed in the manner suggested by Mr. 
Bruce, and he failed to see the parallelism between the experimental condi- 
tions and those of nature. 

Mr. G. J. Symons read the report of the committee on earth tremors. 
During the year, two bifilar pendulums have been purchased from the Cam- 
bridge Instrument Company, similar to those with which experiments were 
made in 1893, and described in the report for that year. Several modifica- 
tions have, however, been made, such as were mentioned in last year’s 
report. Each pendulum has a photographic recording apparatus. The 
committee hope to compare the records of the two instruments during the 
coming year. An appendix to the report, by the secretary, gives the his- 
tory and bibliography of the horizontal and bifilar pendulums. These he 
groups into three classes: (1) Those in which the rod or mirror is sus- 
pended by two wires, the centre of gravity of the rod or mirror lying either 
(a) between the points of attachment of the suspending wires or (4) outside 
them; (2) those in which the rod is supported by one wire and one steel 
point ; (3) the pendulum of Rebeur-Paschwitz, which is supported on two 
steel points. Mr. Symons said the instruments could detect a tilt of the 
earth through an angle equal to that between two straight lines diverging 
from each other by only one inch in 1,000 miles. They are quite unaffected 
by short-period movements such as are produced by ordinary street traffic. 
Prof. Michie Smith read a paper on “ Indian Thunder-storms,” describing 
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the results of his observations made at Madras. Here, he said, sheet 
lightning occurs every evening for several months, always near the horizon 
and directed towards the southwest. The time of occurrence varies from 
day to day, but is always evening, and generally not later thang P.M. It is 
not a reflection of distant lightning flashes, but consists of an actual dis- 
charge of electricity from cloud to cloud, or between two portions of the 
same cloud, and it takes place in the upper portions of low-lying clouds. 
When morning lightning occurs, its direction is northeast. Hence the 
lightning is always to be looked for in the regions of still air, where the land 
and sea breezes meet. The time of occurrence depends on the hour when 
the sea-breeze sets in, the display being about three hours later than this. 
Cumulus clouds rise together in pairs, and the discharge takes place 
between them, sometimes possibly within them. He thought the electrical 
conditions of the clouds might be accounted for by the fact that the sea 
breeze is moist and dustless, while the land-breeze is dry and dusty. It is 
known that the air is negatively electrified relatively to the ground when the 
air and earth are both dusty, while the sea-breeze brings a strong positive 
electrification. The equalization of the electric conditions of these clouds 
will result in sheet-lightning. The presence of dust in the clouds is shown 
when they sink rapidly; the dust is then seen at their edges, and gives the 
iridescent or nacreous appearance frequently observed. 

Mr. John Aitken said his observations on the Rigi confirmed Prof. Michie 
Smith’s theory. He believed thunder-storms resulted from an influx of pure 
air into dusty regions; the thunder-storm was the ‘effect of purifying the 
air, not the cause of it. In support of this view he gave an instance of 
thunder-storms occurring for several days in succession without any appar- 
ent purification of the air; eventually the air was purified and the thunder- 
storms ceased. 

Prof. Schuster said he had counted. twenty-five new theories of thunder- 
storms, all put forward during the past twelve years; in some years as 
many as four or five theories had been proposed. In connection with the 
electrification of air, he thought Lenard’s observation of the electricity of 
waterfalls was important ; Lenard found that the air coming from the spray 
of a fall of pure water was charged negatively ; that from salt water, on the 
other hand, is positively electrified. This accounts for the positive charge 
of the sea-breeze. He thought the dust in air was generally gathered up 
locally, excepting that at high levels, as in the case of the Krakatoa erup- 
tion. He supposed Prof. Michie Smith would not deny the possibility of 
nacreous clouds being due to a current of air rising through the stationary 
cumulus cloud. He had often observed nacreous clouds in England, when 
the light was favorable; but he had connected them with cirrus rather than 
cumulus clouds, and attributed their iridescence to ice particles instead of 
dust. 

Prof. Michie Smith, in reply, said that the iridescence of nacreous clouds 
occurred so near the edge of the cumulus, and fitted it so closely, that he 
regarded the phenomenon as produced by it. 

The report of the committee on the application of photography to mete- 
orology was read by Mr. G. J. Symons. This committee has undertaken 
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the task of obtaining simultaneous photographs of the same cloud by two 
similar cameras fixed at a measured distance apart. It is found advisable 
to have the sun’s image on the negative for purposes of measurement. The 
shutters of the two cameras are released electrically, and some difficulty 
has been found with this part of the apparatus. The cameras are to be 
placed about a quarter of a mile apart in future observations. The com- 
mittee had received from Mr. Andrews, of Coventry, a photograph of a very 
fine rainbow which recently occurred there. This is the first rainbow photo- 
graph yet received, and shows the secondary bow as well as the primary 
one. 

Prof. Schuster pointed out that the photograph of the rainbow indicated 
very clearly the greater brightness of the sky within the primary bow, a fact 
often told to students but previously not easy to demonstrate. 

The committee of Ben Nevis Observatory presented their report for the 
year 1894. The hourly eye observations by night as well as by day have 
been made without interruption during the year, on Ben Nevis, and con- 
tinuous records have been made at Fort William low-level observatory. 
Rainband observations are inserted in the report for the first time, as are 
also the records of mean hourly velocity of the wind at the top of the moun- 
tain. At Fort William the mean temperature of the year was 0.8° higher 
than the mean of previous years, while the top of the mountain was 0.9° 
higher than the mean. The lowest mean monthly temperatures were in 
January,—39.3° at Fort William, and 21.7° on the summit. The former is 
0.7° above, the latter 2.1° below the average ; so that during the month 
there existed a large difference of temperature between the two places, 
attributable to absence of anticyclonic weather and a great want of sunshine, 
the total sunshine registered on the top of the mountain being only three 
hours for the whole month. In September and October, on the other hand, 
maxima of sunshine were recorded. The highest mean temperatures were 
reached in July at both observatories. November showed the greatest 
excess of temperature above the average of past years, amounting to 4.1° 
at the bottom and 3.2° at the top of the mountain. The cause is to be 
found in the southwesterly winds which predominated to a greater extent 
than for the past forty years. The coldest day was Jan. 6, the lowest 
temperatures recorded being 0.7° at the top and 20.8° at Fort William. 
Details of the observations and weather of this day are given in the report. 
Much work has been done in recopying the observations at the two obser- 
vatories in order to examine the bearings of the differences of readings on 
the meteorology of Northwestern Europe. This work is being carried on 
by Dr. Buchan and Mr. Omond; among the chief phenomeni considered 
are cyclones and anticyclones, differences of temperature and wind between 
the two stations, especially occasions when the temperature was higher on 
the top than at the sea-level, and days when the difference of temperature 
greatly exceeded the normalamount. An inquiry into the connection of these 
occurrences with coming storms and with each other will, it is hoped, lead 
to valuable results ; it already points to the necessity for most important 
modifications in the present theory of cyclones held by meteorologists. 
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pressure at Magdeburg and San José on fine an‘ cloudy days respectively. 
These two stations are chosen because Magdeburg has a dry climate con- 
trasting with the wet one of Ben Nevis, and San José, at about the same 
height above the sea as the top of the Ben, is only 10° from the equator. 
The characteristically low morning maximum and the very high evening 
maximum during cloudy days at Ben Nevis and Magdeburg, in all seasons, 
do not occur at San José in similar weather. The two daily minima do, 
however, occur there, the morning one being larger on cloudy than on 
sunny days, and the afternoon one less. 

The Wet and Dry Seasons in California.* — The periods of the year 
in California are more generally spoken of as the wet and dry season, rather 
than by the name of one of the four seasons in vogue in the greater 
portion of the world. The term “wet” does not in this sense mean 
continuous wet, nor does the term “dry” mean no rainfall. They are used 
in a comparative sense and mean: the wet season that rain is more proba- 
ble, and the dry season that no rain is more probable, than the reverse. This 
paper is based entirely on the rainfall at San Francisco, which is very close 
to the mean between the heavy and light rainfall of the State; hence, it 
represents very largely the whole State. Rain has fallen every month of 
the year at San Francisco. August has a mean rainfall of 0.01 of an inch; 
July, 0.02; September, 0.22; June, 0.25; May, 0.73; October, 1.25; and 
the other months have averages of from 2 to 5 inches. From May 
1 to Oct. 1, five months have an average rainfall of 1.23 inches, and the 
remaining seven months have an average of 22.70 inches, making an 
annual average of 23.93 inches. 

At the present time, Aug. I, we are in the middle or a little past the 
middle of the dry season, and it will not be long before many will be making 
inquiries as to the commencement of the rains. Considering the record of 
the past twenty-five years, made in this city by the United States Weather 
Observer, it is found that the average date of first 0.05 of an inch of 
rainfall occurs by Sept. 17. Considering June 30 as the official end of 
one season and July 1 the commencement of the next season, we find that 
the earliest date of 0.05 of an inch of rain is July 3, 1885, and the latest, 
Oct. 27, 1875, that is, from July 1 to Oct. 27, 1875, only 0.05 of an inch 
of rain fell. As 0.05 of an inch of rain is such a small amount, it has been 
deemed best to consider that when one quarter (0.25) of an inch of rain has 
fallen, that date be considered the commencement of the rainy season. 
Using this, then, as the basis, we find that the rainy season begins on 
Oct. 8. The earliest date of a quarter of an inch is Sept. 8, 1884, and the 
latest not until Nov. 23, 1880. As one ‘quarter of an inch of rainfall at 
San Francisco is hardly sufficient to allow of rainfall over the southern 
portion of the State, a basis of one inch at San Francisco was considered 
for the southern portion as the commencement of the rains there, and this 
is found to be Nov. 1. The earliest date of one inch of rain is Sept. 15, 
1888, and the latest, Dec. 3, 1890. One inch of rainfall at San Francisco 
is not sufficient for the interior of the State to allow of good ploughing and 


* Issued by Mr. B. S. Pague, Local Forecast Official at San Francisco. 


Four tables are added to the report, showing the mean hourly variations of 
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seeding; hence, a total of 2 inches at San Francisco was considered, 
and it is found that 2 inches of rain fall at San Francisco up to Nov. 
13; hence, that date can be said to be the date of commencement of good 
ploughing. 5 inches is considered as the rainy season being here in full 
effect, and it is found that 5 inches does not fall before Dec. 15, and that 
the earliest date that 5 inches has fallen is Oct. 21, 1889, and the latest, 
Feb. 5, 1891. In this latter season February was very wet, and the total 
for the season was 17.58 inches. To summarize, we have first rains Sept. 
17; rainy season begins Oct. 8, and in southern portion of State, 
Nov. 1; ground moistened for ploughing Nov. 13, and rainy season in full 
effect, Dec. 15. These facts have not been presented heretofore, and may 
be found of interest and value to many, for it shows the average of the past 
twenty-five years. The greatest seasonal rainfall at San Fraucisco was in 
1889-90, when 45.85 inches fell, the least being 11.04 in 1876-77. 

In this connection, the causes of these seasons and the cause of this 
great variation in the amount of rainfall may be of interest. The amount 
of rainfall in California is dependent upon the north or south deflection of 
the storm areas. The food of a storm is heat and moisture. With the 
approach of the summer months the heat is increased, and with this 
increase of heat the moisture becomes less, hence, the storm areas retreat 
northward to obtain their greater supply of moisture. As the storm areas 
seek their more northerly path, the rainfall over California becomes less 
and less, and with the passing of the summer heat the path of the storm 
areas moves southerly, and the rainfall then increases. The normal path of 
storm areas across the Rocky Mountains from November to April is about 
50° N. latitude, and when the path is south of this latitude the rainfall 
over California is increased ; when to the north it is decreased. From April 
the path of the storm areas (areas of low barometric pressure are called 
cyclonic or storm areas) moves northerly until July and August, when it is 
at its farthest point north, which is about or above the latitude of Sitka; 
from August they advance southward, and the rain then begins in the 
north, in British Columbia’; then in Washington and in Oregon and, finally, 
in California. The daily weather map is now distributed to nearly every 
town in California, and will be sent ‘to more places, free of charge, if re- 
quested, and bya study of the map, observing the progress and course of the 
storm areas marked “ Low” on the map, the public can form very good ideas 
as to the approach of the rainy season; so long as the “low” is not seen off 
the northwest Washington coast there need be little or no fear of rain in 
California; but when it appears there, then rain over California is probable, 
and is made possible by the ‘“‘ Low” moving southward along the coast, the 
barometer falling over California, and the winds backing or shifting to the 
south and southwest. Rain in California, unless it is a local shower, 
seldom occurs with winds from any point of the compass except the 
south, southeast, or southwest; this has caused the idea among some that 
the rain came from the south. This is an error. The causes which pro- 
duce the rains come from the north, though the winds are southerly. The 
air is light, and, with an upward movement like the draught up a chimney, 
in a storm centre, the air from the surrounding sections moves spirally 
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inward to fill up this lightness or hollow in the atmosphere. As storm areas 
move southward along the coast from Alaska and cease their southerly 
movement about the Columbia River, the winds to the south of the storm 
centres are southerly; they blow into the storm area, give it more food or 
energy, and the influence of the storm is extended southward, allowing 
of the rain to fall over California. The more extensive the storm area and 
the greater the depression of the barometric pressure, the greater will be 
the area covered by the rain and the stronger will be the force of the wind. 
From this brief explanation it can be seen how valuable are the weather 
maps, even though they reach the recipient thirty hours after they have 
been issued from this office. In the summer months the storm areas are so 
far to the north that their influence cannot extend so far south as California; 
hence, the dry season; and the longer the storm areas remain in their 
northern location the longer will be the dry season. Heavy and long- 
continued rain periods over California are caused by the greater diameter 
of the storm, and resistence or barrier in the path of the storm which pre- 
vents its easterly movement. This barrier is an area of high barometric 
pressure over and to the north of Montana. 

The foregoing is a brief outline of a subject, which, if thoroughly treated, 
would make many pages, and which would be too long for general distribu- 
tion. It is hoped, however, that this may give a fair understanding of the 
subject. 


New England Meteorological Society.— The thirty-fourth regular and 
twelfth annual meeting of the New England Meteorological Society was held 
at the Massachusetts Institute of Technology, Boston, on Saturday Oct. 19, 
1895, President W. H. Niles in the chair. After the reading and adoption 
of the minutes of the previous meeting, the Secretary made the following 
report for the year past: — 

“The membership of the Society is to-day seventy-seven as against eighty 
a year ago. Two members have resigned, and one, Prof. Harold Whiting, 
was lost to us in the foundering of the ‘ Colima’ on the west cdast of Mexico, 
last spring. Three regular meetings, the thirty first, second, and third, 
were held as usual during the course of the year. Under the authority of 
the Committee (Messrs. Davis, Upton, and Ward), appointed Jan. 27, 1894, 
and still empowered to act, two courses on methods of teaching elementary 
meteorology were given during the past year ; one by Messrs. Davis and 
Ward to about thirty teachers selected from the grammar schools of Cam- 
bridge ; another by Mr. Ward to the public school teachers of Hingham. 
Some practical improvement in the treatment of elementary meteorology, as 
a division of geography, has resulted from these efforts. The AMERICAN 
METEOROLOGICAL JOURNAL has been sent to all members, as for several 
years past.’’ 

In commenting on this report, which was accepted, Mr. Ward announced 
that he was in correspondence with a number of school superintendents in 
towns and cities near Boston, and that definite arrangements had been made 
to give brief courses, of ten lectures each, in Braintree, Abington, and 
Natick. He added that arrangements were in progress with the superinten- 
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dents at Brockton and Beverly; and if these were completed, as appeared 
likely, it would not be possible, as far as he was concerned, to undertake 
more work of this nature during the current year. 

Professor Davis announced that the Committee would probably consider, 
during the coming winter, the preparation and publication of a series of 
graded examination papers in meteorology, in order to indicate as definitely 
as possible to superintendents and teachers what it seemed desirable to 
accomplish in meteorology in the various grades of grammar and high school 
courses. 

The Treasurer then reported a balance of $47.48 in the treasury. 

On proceeding to the election of officers, it was moved and voted that the 
officers of last year should be re-elected. 

Mr. Desmond FitzGerald, C. E., then presented an abstract of his essay 
on the “ Temperature of Lakes,” describing in particular the two critical 
periods in spring and fall when the temperature is sensibly uniform from 
surface to bottom, and when in consequence the wind can easily cause an 
overturning of the whole mass; as a result, bringing impure water, contain- 
ing much organic matter, to the surface. 

- The same speaker gave an account of the measures taken of the rainfall 
of Oct. 12-14, 1895, at the various stations of the Boston water works.. The 
duration of rainfall was thirty-seven hours, and the amount was from 7.5 to 
7.6 over a large area. It was thought that this had been exceeded among 
our recorded rainfalls only by the great storm of October, 1867, and of 
February, 1886. Comments were made by Messrs. Upton, Rotch, and 
Wiggin. 

The Secretary then announced that he had hoped to have a communication 
from Mr. S. I. Bailey, of the Harvard Observatory, at this meeting, giving 
some account of his records from the Misti (See this JOURNAL, Vol. X., 
433, 434); but Mr. Bailey had unfortunately been suddenly recalled to Peru 
by illness in his family. Announcement was made of acommunication from 
Dr. Boécking, of San Antonio, Texas, concerning a proposed new division 
of the thermometric scale, but no formal action was taken upon it. 

Mr. Ward then gave brief account of a number of new meteorological 
publications, mentioning particularly M. Lancaster’s new rainfall chart of 
Belgium, Moore’s Meteorology, Frye’s Complete Geography, and the new 
Weather Bureau publication “ Climate and Health,” after which the Society 
adjourned. 


Wind as a Motive Power in the United States. — The following para- 
graphs are taken from a paper by Frank Waldo, Ph.D., in the September 
number of the ‘* Review of Reviews ”’ : — 

“ Since the introduction of steam, and still later, electricity, as a motive 
power, it has become the custom to treat with something like contempt the 
great natural motors, waterfall and wind. It is true that a few waterfalls on 
river rapids are still made use of in turning machinery, and recently great 
interest has been excited by the plans for harnessing a little of Niagara’s 
mighty power. As for the wind power, in one great branch of its applica- 
tion, the propulsion of vessels, it has been superseded by artificial forces 
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except in those cases where time is of little consequence. It would be 
more poetical than truthful to state that this gradual decline in the use of 
wind power has been as gradually made good by its increased application in 
another direction, because it has only been within the last few years that 
the marvellous increase has taken place which now exists in the number of 
wind-wheels in actual use. I may also add that this increase is due to the 
improvement in wind machines made by our American manufacturers. 

“Of course, the windmill is an ancient institution, and the traveller in the 
low countries of Europe is struck by the great number which he sees in 
operation. Their great size and elevated exposures render them very 
prominent features of the flat landscapes. The oecasional sight of the 
smaller and very much more compact wind-wheels in our own country leads 
one to think that the idea of utilizing the wind power is slowly finding its 
way from the older countries to our newer land. 

“Such was my own impression ; and it was not until I began to make a 
special study of the subject that anything like a true idea was reached of 
the question of the windmill as a motive power. 

“ There are, in the United States, over one hundred firms engaged in the 
manufacture of wind-wheels. I have seen no definite statement of the total 
number of wheels manufactured annually, but it must be very large. A late 
statement in an advertisement records the sale of over twenty thousand wheels 
by a single firm in one year. It would probably not be excessive to estimate 
the total number of wheels at present in use at upward of half a million; 
and the annual increase must, at any rate, be over fifty thousand. .,. 

“ The uses to which wind-wheels are put are numerous. Perhaps the 
most important of the present applications is the working of water pumps 
and raising water either for storage, domestic purposes, or for irrigation. 
It also takes the place of horse power on the farm, for cutting wood and 
feed, and for churning and grinding grain. The railroads sometimes use 
wind-wheels for pumping water into tanks, but the extent of such use is 
much overestimated. Some roads have only a few in operation, and then 
the makers advertise that their wheels are in use on these roads. There 
can be no doubt that the utilization of the wind power by means of wheels 
as a pumping force will be the main method by which our arid regions in 
the West will be reclaimed by irrigation. There is another field which will 
be opened up in the near future, and this is the accumulation of electrical 
energy, when a convenient storage system shall have been put into the 
market. 


“In making use of any form of power one of the first questions to be 
determined is the amount of the force available for application, and next, its 
constancy; and although the proverbial variability of the winds would seem 
to indicate that in this case the answers to these questions would be of 
little value, a careful inquiry into the matter shows that in reality both 
questions can be answered with considerable accuracy. At present, how- 
ever, only relative values can be dealt with, because our knowledge of some 
of the purely experimental data which is requisite is so uncertain as to 
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prevent a satisfactory conversion of wind velocities into terms of actual 
power. ... 

“We have had collected by the United States Signal Service and Weather 
Bureau the most valuable series of observations of wind velocities made for 
any land. The continuous records, extending over a period of, in some 
cases, more than twenty years, are available for more than the two hundred 
stations which are fairly well distributed over the whole of the United 
States. The average amount of wind for any given hour, or day, or month, 
or season, during a period of a number of years, can be determined from 
this data for the country as a whole, or for any specified regions. By noting 
down on a map of the United States the average wind velocities for any 
chosen period (say for the whole year), by putting the figures denoting the 
miles per hour of wind adjacent to the respective stations of observation, it 
is seen at once that in many cases whole regions have quite similar amounts 
of wind, but in looking over such a map we find a great diversity for various 
sections of the country. If, now, the usual process adopted in such cases 
is followed out, and stations having equal amounts of wird are connected 
by lines drawn on the map, regions of various similar wind velocities are 
clearly marked out, and an inspection of the map will show the regions of 
least and greatest wind and the gradations on passing from one to the 
other. Such maps have been prepared for the different months of the year, 
and for the year itself. There is, however, one very unsatisfactory feature 
in them which must be mentioned. It is well known that the various local 
condition at the places of observation, which we term the environment of 
the station, greatly influence the results obtained. This is particularly true 
concerning observations of wind velocities, which increase very rapidly with 
the altitude for the first few hundred feet above the earth’s surface, also 
over a water surface the lower air currents are much more rapid than those 
over a land surface. 

“T think that at about four hundred feet above these surfaces the wind 
velocities do not differ much, and if we put the amount of wind movement 
for this altitude at five units, then at (say) fifty feet above the water on the_ 
open ocean it will be four; on the exposed seashore, three; on the tops of 
the highest buildings, two; on the low buildings, and, say, twenty or thirty 
feet from the ground, one. . . 

“ The charts show fairly well the average wind in the windiest and calm- 
est seasons of the year. As a matter of fact, there is a regular progressive 
change in the amount of wind from one month to another, —an increase 
during the fall and early winter, and a decrease during the late spring and 
early summer months. 

“ There is likewise a diurnal change in the wind velocities. They are 
least in the early morning hours, and increase until about two or three 
o'clock in the afternoon, when they begin to decrease again. In cloudy 
weather and over water surfaces this diurnal change is slightest, while it is 
greatest in clear weather and over dry continental regions. . . . In some 
places this diurnal increase of wind is enormous, as, for instance, at San 
Francisco and southwest Texas, where the average afternoon wind in 
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summer is over to m‘les per hour stronger than the early morning wind. 

“ Where the wind velocity varies thus from 25 to Ioo per cent of its 
average amount during the twenty-four hours of the day, it is seen that this 
regular change becomes a very important factor in the question of wind 
power. Fortunately, the strongest winds are in the daytime, when wind- 
wheels are most likely to be of use. 

“ But not all of the wind is effective wind. It requires wind of about five 
miles per hour to move a wheel at all, consequently when the wind velocities 
are under this amount the wheel cannot be used. Also in very strong winds 
some of the force must be lost, because the wheel would not stand the strain 
put on it. Many wheels are self-regulating, and expose only part of their 
surface to very strong winds. No reliable estimates have been made as to 
the proportion of the whole time that wind-wheels are not available owing 
to deficient wind. 

“The wind direction is also of importance in this matter, because those 
winds coming from the west and north are usually stronger than those from 
the east and south. For the greater part of the United States the prevail- 
ing direction of the wind is from the west, but the extreme southern part 
extends into the hemispherical region, where the winds are mainly from the 
east. The northern part of the United States is most frequently traversed by 
areas of barometric maxima (anticyclones) and barometic minima (cyclones), 
and consequently there are there much more rapid changes and shifting of 
the wind than in the southern part... . 

“There is a somewhat approximate method which I had hoped might be 
used in connection with the estimation of the actual amount of work done 
by wind-wheels. Inquiries were instituted among the various wheel manu- 
facturers in order to find out if any of the users of their wheels had had the 
curiosity to keep a record of the work done by their wheels during any 
considerable length of time, such as a month, or even a year. If a con- 
siderable number of such records could be obtained from various sections 
of the country, and especially from the immediate neighborhood of stations 
for which we have wind data, we should have material by means of which 
the average wind velocities . . . could be expressed in terms of work. 
Not a single such complete record could be found, although half a million 
wheels were in use. A few fragmentary reports of occasional work done 
by wind-wheels were received, some of which I will mention, merely to 
show what they accomplish. 

“In Texas a wheel 12 feet in diameter raised from 50,000 to 100,000 
gallons of water per month to a height of 50 feet. In Wisconsin a wheel 
10 feet in diameter raised 50 barrels of water per day to a height of 50 feet. 
In Iowa a 10-foot wheel raised water 4o feet in sufficient quantity for 300 
cattle. A 16-foot wheel in Missouri has ground 20 bushe!s of corn in one 
hour. A 10-foot wheel in Nebraska raises 1,000 gallons of water per day to 
a height of 70 feet. 

‘* A case deserving more notice is one reported by P. H. James, of Cort- 
land, Neb. He used a wheel ro feet in diameter for pumping water a dis- 
tance of 130 feet through a 2-inch pipe. Most of the available water was 
used. On one day 100 barrels were pumped in eleven hours. The inter- 
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esting feature is the record kept of water pumped for over a year, which is 
as follows: January, 1,500 barrels; February, 1,500; March, 2,000; 
April, 2,500; May, 2,500; June, 2,500; July, 2,500; August, 2,500; Sep- 
tember, 2,500; October, 2,000; November, 2,000; December, 1,500. How 
much could have been pumped had all the wind been utilized it is impos- 
sible to say, but the pumping of 25,000 barrels in a year’s time is certainly 
a practical demonstration of the usefulness of these wheels. It is to be 
hoped that that wished for experimentai work will soon be done, so that the 
amount of available wind power, or rather the work that can be accom- 
plished by using wind as a motor, can be determined for any region of the 
United States for which we have wind observations.” 

Effect of the Wind on Soils in Iceland.— The following paragraphs are 
taken from an interesting paper on the “ Geography, Geology, Agriculture, 
and Economics of Iceland,” by J. H. Johnston-Lavis, M. D., in the *‘ Scot- 
tish Geographical Magazine ” for September, 1895: — 

“Reference has been made to the denuding agencies of ice, frost, and 
water, but there is yet another of no mean importance, especially from the 
point of view of agriculture, and that is wind. Only those who have experi- 
enced it can form an idea of what wind is in Iceland. Not that it is of the 
nature of tornadoes or cyclones, which are immediately destructive, but it is 
rather remarkable for its steady persistence in one direction for days 
together. The wind may make or mar a farm in a few years, and, as such 
changes are common over the whole of that part of the island we visited, 
it is a subject worthy of some consideration. I have seen somewhat similar 
effects produced on a smaller scale in other recent volcanic districts. The 
effects of wind are agriculturally of far more importance in a country in 
which lavas predominate, as in Iceland, than in a tuff country where any 
amount of wind would fail to denude the surface of material fine enough to 
form vegetable soil. 

‘* If we examine such a district as Roccamonfina, or that of Naples, we 
see how the showers of volcanic materials that have fallen on bare sterile 
limestone hills in the neighborhood have converted them into fertile slopes 
which have remained such for many centuries, except where man by tree 
cutting has allowed rain to undo the fertilizing effects of former volcanic 
outbursts. The same remark applies to the rugged inhospitable surfaces of 
lava streams, which require many centuries to become sufficiently decom- 
posed to support other vegetation than lichens. 

“On Vesuvius luxuriant pine forests, vineyards, and gardens cover por- 
tions of very recent lava streams that have been favored by a mantle of fine 
lapilli, dust, or alluvium, whereas other portions of the same or much older 
streams not so covered are as barren as the year they were emitted. Large 
tracts of Iceland that have received such a mantle of fine volcanic dust and 
lapilli now support luxuriant pasturage. In some cases this earth covering 
has been deposited direct from the air at the time of the eruption or erup- 
tions that ejected the material constituting it. In most cases, however, it 
is the result of several eruptions, as shown by its fine stratification, which 
persists over wide areas. Thus, I could recognize a peculiar white band of 
minute pumice over some hundreds of kilometers of the country we trav- 
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ersed. This band increased in thickness and in the size of its components 
as we advanced by one road, and diminished as we retreated by another. 
Had we had time we could have traced this pumice up to its origin, as I 
have in several cases been able to do in other volcanic regions. The strata 
constituting the agricultural soil of South Iceland are composed of materials 
varying in size of grain, in color and cohesion, so that when seen in section 
they exhibit a band-like arrangement. Some soils are clearly composed of 
secondary or similar materials transported from other districts and redepos- 
ited, and these of course show the usual dune-like false bedding. As long 
as the turf over a field is intact the winds add to the quantity of productive 
soil, for the dust and sand that falls, provided it is not sufficient to bury the 
grass and so kill it, is caught and retained between the blades and increases 
the depth of the soil. 

“If, however, but a small hole is made in the turf, woe betide the field, 
and perhaps the farm. The frost scales up a layer of earth, which on 
drying crumbles and is carried away by the wind and falls into some river 
or the sea, or goes to enrich the soil of the farm to the leeward. The hole 
increases in size and depth like a corroding ulcer; the larger it gets the 
more rapidly does it extend, and soon the surface of the subjacent rock is 
laid bare. In the next stage what was once a fertile meadow is reduced to 
a bare rock surface, with a few islands of turf overhanging crumbling heaps 
of vegetable soil, and in a year or two all has disappeared. These peculiar 
eroded, ulcer-like patches of wind-denuded agricultural soil are quite a 
feature in the scenery, with the peculiar meandering outlines of the boun- 
dary between bare rock and turf marked out by the parti-colored strata- 
banding of the soil mantle. The careful Icelandic farmer is aware of these 
facts, and stops any hole in his turf as soon as possible, unless the field be 
well sheltered from the wind. It was often interesting to hear our guide’s 
expression of disgust when he saw a farm being gradually blown away in 
consequence of the negligence of the owner. 

““T have described the destruction of turf-covered soil, —a most obvious 
process, — but it may be asked, if the wind will do this how is it that it has 
ever allowed any dust or soil to remain long enough to become covered with 
vegetation? This was a great puzzle to me at first, but I think what I saw 
will explain away the difficulty, in part if not entirely. The process is a 
long one, and commences by the growth of the extraordinary crops of 
lichens so luxuriant in Iceland. These act as dust traps, and pave the way 
for the growth of mosses, which eventually give sufficient hold for grass, 
ground willow, or birch bush. Then the soil increases in thickness by 
further additions brought by the wind or falling from the air during some 
distant eruption. 

‘* Of course, in sheltered localities grass grows easily, and wind erosion 
has no destructive effect, but, on the other hand, in wind-swept regions 
vegetation seems powerless either to obtain or retain a hold. Thus the 
Reykjanes peninsular is remarkably bare, covered with sand dunes, and 
exposed to the most dreadful dust storms. One of these we experienced 
and it quite equalled anything in the Sahara so far as the mechanical effect 
went. I photographed the storm, but the negatives are all sand and cloud- 
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like, just as some battle pictures are all smoke. All around Cape Reykjanes 
the rocks are eroded and polished by these natural sand blasts. .. .” 

Meteorology in the High School, Hudson, Mich.— The Hudson, Mich., 
High School Bulletin for the year 1895-96 contains the announcement of a 
course in meteorology, to be given during the fall and spring terms by 
Mr. George J. Tripp, the superintendent. The Bulletin says, regarding 
this course: “A course in practical meteorology will be given in the spring 
term and continue through eight weeks of the fall term. The course will 
consist largely of laboratory work, such as drawing isotherms, isobars, mak- 
ing weather maps, weather composites, and forecasting weather changes, 
etc. It is a lamentable fact that so many are unacquainted with the physics 
of the atmosphere. We believe that the time is not far distant when mete- 
orology will find its rightful place in the curriculum of every first-class high 
school, and to this end we take the initiatory step to introduce this most 
important and fascinating branch of science into our course of study. 

“The course of study in meteorology, as outlined by Mr. Robert DeC. 
Ward, of Harvard University, is as follows : — 

“1, History of the Weather Service in the United States. 2. Drawing 
isotherms. 3. Wind direction and velocity (by arrows). 4. Isobars. 
5. Complete weather map. 6. Composite of winds and cyclones. 7. 
Composite of winds and anticyclones. 8. Composite of the isobars 
around cyclones. 9. Composite of the isobars around anticyclones. Io. 
Direction of the wind and gradient. 11. Velocity of the wind and gradi- 
ent. 12, Temperature around lows and highs. 13. Direction of the wind 
and temperature. 14. Weather composites of lows. 15. Weather com- 
posites of highs. 16. Composites of wind and weather. 17. Tracks and 





. 


velocity of cyclones and anticyclones. 18. Sequence of weather changes 
during the passage of lows and highs. 

‘“* The above course is purely laboratory work, and will be taught without 
a text-book.” 
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BIBLIOGRAPHICAL NOTES. 


THE CLIMATIC CAUSATION OF DISEASE. 


I, M. Cuing, M. D. Zhe Climatic Causation of Disease, with Chart 
showing the Pathological Distribution of Climate in the United States. 
Reprinted from the Proceedings of the Texas State Medical Association 
for 1895. 8vo. Galveston, 1895. Pages, 23; 2 charts. 


Dr. Cline’s paper on “ The Climatic Causation of Disease,” read before 
the Texas State Medical Association in the section on practice of medicine, 
at Dallas, April 23, 1895, is of more than ordinary interest and value. The 
subject is one which is attracting a great deal of attention just now on the 
part of medical men, and hence we may expect many books and articles on 
it during the next few years. We are safe in saying, however, that very 
few of those who will write on medical climatology are as well fitted for 
their work as is Dr. Cline, whose study and practice of medicine, together 
with his experience in the practical work of the Weather Bureau as Local 
Forecast Official and Director of the State Weather Service, combine to 
qualify him most admirably for any such investigation. 

The present pamphlet sets forth the general principles underlying the 
climatic control of disease, and then takes up the effects of the different 
kinds of climate on man. For this purpose Dr. Cline divides climate into 
three general classes, viz., low, damp, cold climates; low, damp, warm 
climates ; high, dry climates; arid further into three subdivisions, or inter- 
mediate grades. A very instructive chart is given in this connection, show- 
ing, by means of colors, the regions of the United States where these 
different kinds of climate prevail. This chart, showing the pathological 
distribution of climate in the United States, is the first of its kind we have 
seen, and, although undoubtedly somewhat roughly and arbitrarily drawn, 
we think that it is well worth enlarging for use in the class-room, for instruc- 
tion in climatology. Low, damp, cold climates are favorable for the preva- 
lence of phthisis, pneumonia, diphtheria, congestion of the lungs, bronchitis, 
asthma, etc. Low, damp, warm climates are as a whole healthy, but are 
unfavorable for those suffering from diseases of the kidneys or liver. High, 
dry climates are beneficial to those suffering with diseases of the respiratory 
system and kidneys. 

It has been altogether too much the custom for physicians to send their 
patients away to places where the climate is anything but beneficial, because 
they themselves have not had sufficient knowledge of climatology to enable 
them to make a judicious selection. Dr. Cline’s paper is certain to be of 
great use in spreading more accurate information on this most important 
subject. 
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